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Introduction 
This Interim Progress Report covers research done under 
Contract No. NASA Code SC-NsG-204-62-S1 fo r  t h e  period November 1, 1964 
through April  30, 1965. 
This is the th ird  semi-annual interim report submitted during the 
period of the current grant. 
the respective dates of May 1, 1964 and November 2,  1964, 
The two previous reports w e r e  submitted on 
The current report is concerned primarily with the following areas 
of research: 
1. Experimental measmrement of t h e  flow dynamics o€ the annular. 
liquid .layer 
Determination of the amount of l iquid entrainment i n  The vapor 
core i n  annular two-phase flow 
Reorganization of computer prugramnminp; of data ,-eduction proc.ess 
Reorganization of and improvement of computer programing O f  
solutions of annular flow mathematical model. 
2. 
3. 
4. 
5. ConstncLorl ot :a,% ~ f :  umited one-inch diameter condenser with 
improved instrumentation for additional heat transfer nieaswe- 
inents in condensing f l o w  
6 .  Derivation of a mathematical model for annular-mist f l a w  
* 
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Abstract 
This report  includes short descr ipt ions of the  progress of current 
work i n  the severa l  areas of research l i s t e d  on the  previous page i n  
the Introduction. 
Experimental apparatus has been successfully developed for rneasur- 
Some experimental ing t h e  flow charac te r i s t ics  i n  annular wave motion. 
data  on the veloci ty ,  frequency and height of annular waves is reported. 
From experimental impact pressure measurements w i t h  a ' D U S S O W ~ '  
type impact probe, calculated d a t a  is presented, graphically showing 
the concentration variation of liquid p a r t i c l e s  i n , t h e  vapor core. 
A print-out statement of the computer program for data reduction 
js included and the progress of t he  computer solution program for the  
rrathematicstl model is discussed. 
A discussion and diagram of t h e  condenser test un i t  under con- 
T h i s  test unit is similar in dimensions t o  the s t ruc t ion  is given. 
made1 now i n  use, however, it is instrumented with additional and i m -  
proved thexmocouple installations so as to permit more precise  de- 
t a d n a t i o n  of the local condensing heat transfer coefficient on the  
inside tube surface. 
A de8cription of the 'Annular H i s t  Flaw' model is given, along with 
a discussion of t he  development 0': the mathematical analysis for this 
system which has been undertaken. 
. 
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core. 
oscilloscope. 
two contact needles, which is located 0.500 * 0.005 inches f x a  rho 
rear needle, giving the  number of voltage changes over a ce r t a in  count- 
ing period (10 sec.). 
with a Liquid wave. 
probes. There is a cha rac t e r i s t i c  scope pa t te rn  for t h e  probes i n  t h e  
steam core and a different  pat tern for  the probes in t h e  l i qu id  layer ;  
when i n  contact w i t h  t h e  waves a combination of the two occt~m.  
comparing photographs of these pa t te rns  one can determine the time it 
takes a par t i cu la r  s igna l  (i.e., a p a r t i c u l a r  wave) to t r a v e l  %mm the 
first to  the  second probe. 
method works quite w e l l  for deep waves but for shallow waves i t  has 
proven unusable s ince  t h e r e  is some chopping of tho wave crest. 
The signals are Led both t o  a decade counter and to a dual beam 
The counter uses anly the  signal from t h e  f i r s t  of the 
Each of these voltage changes ind ica tes  contact 
The oscilloscope displays t h e  s igna l s  of both 
By 
This is, of course, t he  wave velocity.  T h i s  
'This 
chopping effect is pmbably of the same order of magnitude a s  the 
dimension of the  m a l l  wave. A t  ' the  present t i m e ,  these are t h e  only 
known direct measurements of wave speeds i n  condensing flow. 
The range of flow parameters covered at t h i s  t h e  Is not extensive. 
The vapor v e l o d t i e s  are in the range of 20C-400 fps and t o t a l  mass 
qualities are high (greater than 80%). Within the  above l imi ta t ions  of 
Elow conditions the  following r e s u l t s  o c c m d :  
1. With 10% t o  20% of the t o t a l  flow condensed between t e s t  probe 
one. and test probe two (approximately two feet) t h e  average 
. ... 
film thickness as a function of aigular posi t ion changes from 
mnular at prohe I (average thickness of dpproxinate2.y 0,002 
inches) t o  nearly stx:t . if ied flow a t  prabe I1 (-?he average 
. .  
. <' 
2. 
3. 
5 
thickness of the bottm i s  appxwxirnataly 0 I 046 inches Cacreasintf 
rapidly to appcoximxteiy 0,020 inches a t  6 O  up Z m m  the  r-libe 
bottom, then sXowLy f a l l h g  t o  appmximate3.y Q,i )O7 inches at 
the top of the tube). 
The ratio of ma~~rnwii wave height to mininun wave hdght (I:hi.ck- 
ness of undistupbed liquid layer) generally deweases from t h e  
bottom to the top of the pipe. 
be a function of quality, the thicker l iqu id  layem having the 
largest numerical value of the ratio. 
The wave v e l o c i t i e s  near the crest of the wave ape in the order 
of 10-32 f p s  and thpRe at the wave trough are a2proximately 
3-4 f p s *  
indicate the presence of  r o l l  waves. 
The value of this satio seems to 
These re la t ive  v e l o c i t i e s  between crest and trough 
?: of counts per second versus distalice from the 
wa=T ToeStabfish wave dhiensions an arbitrary cutcff polnt was 
established, i.e., the maximum and minimum wave heights are at those 90 in- r~  
where the curve intersects the two counts per second l i n e ,  
wave height is defernined by the intersect ion of a horizontal  tangent wi th  
curve. 
The aberzge 
Figure 3 shows the peripheral distribution of the average l iqu id  
layer thickness 
high qual i t ies  (Stzition I )  and t he  stratiEication effects at lower 
qualities 
Et shows t he  marely syrmne-Fric thickness d i s t r i b u t i o n  zi- 
Figure 4 i s  a reproduction of a oscilloscope p h ~ t o  showing the method 
of d e t e r m h l  ng wave speeds 
6 
FoZlowhg is an analysis of one aspect of the a l ) ~ ~ ~ u r d f  p ~ o 5 e  data, 
which makes possible the oxparimentii,7. detominatim oE the l i q x i d  c?rro?lt?t 
concentration in the vapor cozx? of the eondeasing system. 
..-A I 
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Referring to Figure 1, the f ~ l l o w h g  ariswqtions a m  necessary in 
order t o  calculate from the expsz-imental data the droplet concentration 
in the vapor core of the annular system. 
1. The droplet velocity enterixig the pmbe mouth is the  sane as 
the vapor ve.bosi.ty of the local free stream. 
The captenre efficiency of the liquid droplets by the Dussourd 
pmbe firom the free simam is essentially 2-00 percent over’ the: 
m s s  section of the prsbe mouth. 
The sratic p~essure diffeyrence between Stations (1) and ( 2 )  
along the pmbe repmsents the so-called emor in the  measure- 
ment of the impact pmssure of the vapor by use of the pressure 
at Station (2) as the stagnation pmssure of the  vapor,. 
for the vapor 
2. 
3. 
Thus 
Po = P2 - CP2 .” P1) 
whew hp = p2 - p1 is detwmlned by extrapolating the experi- 
mental meas?mments taken at the static p-essplre taps to t he  
mouth of the pmbe, 
Considering the rnomentum interchange that takes place between the 
mouth of the probe and the l iquid  interface inside the probe, one may 
w r i t e  
8 
where! %is the total  mass flow rate of l i qu id  droplets enter ing the 
mouth of t he  probe at a velocity V 
LP e 
One may now define the  local vapor concentration (quality) a t  t h e  
probe mouth by 
where 6 
this locat ion for a cross sectfon equal to t h a t  of t h e  tube mouth. 
is the mass flaw rate of sa tura ted  vapor i n  the free stseam at 
vp 
Equation (4) may be w r i t t e n  
From t h e  pr inc ip le  of continuity of ma88 flaw in t h i s  ateady state 
and 
where xv and xL are t h e  apparent cross' sec t ion  areas occupied by the  
respective phases at the probe wuth, and 
A = xv + rL 
P 
uhere A is t he  inside cross sect ion area of t h e  probe muthe P 
Subs t i tu t ing  fmm Equations ( 6 )  and (7) i n  Eqmtion ( 5 )  one obtains  
e .  
I 
9 
cross section area t m m s  AL, Av, and A 
quantit ies  P, pL, and p 
concentration becomes 
i n  t e ~  of the known or me?s+ured 
P 
We then f i n d  that t h e  expression for r h p l e t  
Po 
If is worthwhile t o  examine Equation (10) for the l imit ing conditions 
of (a) vapor flow (zero droplet concentration) and (b) maximum 
liquid droplet concentration. 
pmsent Ap + 0 and Equation (10) appmaches 
For case (a) with  very few l iquid part ic les  
- =  1 (11) 1 x +  l + )  P 
00 
X f  the probe mouth were filled with discrete l iquid  particles, the 
maximum possiJl>le concentration of l iqu id  woiild exist, case (b), 
assunled that the l iqrdd particles nearly f i l l  the probe mouth, then 
If It is 
I 
A A and we may write 
LP P 
Then from Equation ( 3 )  w e  find 
which reduces to 
(133 
, 
Substituting Equation (14) in to  Equation ( 10) gives 
1 x =  
1 pL 1 -t (-1 - 
1-1 Pv 
which reduees to 
X t -  = o  
l + -  
10 
(151 
indicating that  no vapor is pmsent as w a s  assumed a t  the beginning of 
this paragraph, 
Thus Equation (10) satisfies both limiting conditions of m a x i m u m  and 
min;lmum droplet concentrations, 
H e  see, therefore,  that within the l imitat ions  of the three necessary 
assumptions described at the beginning of this section, Equation (LO) 
can be used to  calculate the dmplet  concentration i n  the vapor core of 
an annular condensing stmarn. 
The distribution of droplet concentration i n  the  core of a condens- 
ing annular flow has been calculated from the sxperimntal  probe data for 
a range of test data covering t o t a l  mass f l o w  conditions from a pure 
vapor flow to very low vapor content, with a vapor velocity range i r :  
e x e s 8  of 800 feet pes  second, F i , m s  ( 5 through 7 ) show the va-riation 
in droplet concentration by percent of ma8s flow for a number of different 
tests. 
in the vapor remains below 10% over the major portion of the condensing 
tube. 
functbn of the mass flaw ratio of vapor to liquid i n  the tube. 
These figures clearly show that the droplet m n s s  concentration 
In addition, the draplet concentration seem to be primarily a 
11 
It is expected t h a t  additional Dussouzd probe measurements w i l l  be 
made i n  the future t o  f u r t h e r  confirm the results of tnese experiments, 
It is also expected that the  information developed t o  date  will be useful 
i n  t he  development of the  annular m i s t  flaw mathematical model discussed 
elsewhere i n  t h i s  report. 
Computer Program for the  Reduction 
of E9erimental Data In Annular Two-Phase Plow 
In the  first Interim Progress Report of May 1, 1965 the  system of 
experimental data reduction was discussed on pages 7 through 10 of t h a t  
report- 
tions and tabulat ion of the experXmenta1 data which is then punched onto 
V e r y  briefly, the system consis t8  of several preliminary calcula- 
I.B.M. carde. The card deck is then processed by an I.B.M. 7040 propam; 
a copy of the print-out statement of one such program is given i n  
Figure 8 of t h i s  report. This data reduction program is under con- 
tinua& review and modification a8 changes are made in e i t h e r  the experi- 
mental apparatus, the  experimental operating conditions, and/or t he  
theo re t i ca l  model used i n  the analysis of t he  system. A n  example of one 
change was a modification which made possible the  acceptance of i n l e t  
conditions which could include saturated l i qu id  aloug with the  saturated 
vapor. Another modification was the addition of a subroutine which will 
determine the local condensing heat transfer coefficients along t h e  tube 
A print-out statement of t h e  complete da ta  reduction program will 
be included i n  the Final Reporto 
. .  
' *  
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One fundamental objective of t h i s  research project was the develop 
ment of a system of equations whose solution would s a t i s f a c t o r i l y  
represent the Local € 1 ~  properties found i n  a high capacity condensing 
tube. A system of such equations as w e l l .  as severa l  solut ions of t h i s  
system we= reported i n  the F i n a l  Reoort on Heat Transfer Studies sf 
computer solut ion of this same systeq of equations has been converted t o  
run on the T.B.M. 7090 digital computer. 
tions are incorporated into th i s  new computer program. 
Several  changes and modifica- 
They are as 
follows: 
exponential metnod to predict  themolljlnamic propert ies ,  ( 2 )  the  intro- 
(1.1 the use of a steam table subroutine in place of the present 
duction of nigher order methods in the  numerical integrat ion process, 
and ( 3 )  a polynomial curve f i t t i n g  subroutine t o  a s s i s t  i n  predicting 
the derivatives of t he changhg thermodynamic properties of t he  f l u i d  
1.3 
Construction of a 011e-I~ch 1-D. - 
Condenser - Tube with  kproved Instrmentation 
For Making Additional Heat Transfer Measurements - - 
The i n s t m e n t a t i o n  and constrmction d e t a i l s  of a one-inch I.D. 20- 
foot long condenser tast r i g  are  described i n  the  first Interim Progress 
Report of May 3., 1964 for thXs project. 
densing tests made using t h i s  tes t  un i t  were reported i n  the secone 
Interim Progrcss Kepo* of November 2, 1964. 
been in constant use during the period of t he  current  report. 
The results ~f a series of con- 
This same test unit  h a s  
e . .  
The c u n r n t  
experimental bark i s  CQRCermed primarily w i t h  the determination of con- 
densing flax dynamics, such as wave height,  speed, and frsquenq.  C h i s  
test work, which i s  described elsewhere in this report, is still in 
Experience w i t h  th is  one-inch X.D. tes t  condenser, has revsaled 
m m e  shoxtxmnings i n  instrumentation and construction e 
The pmblern of the measmemnt of t he  local outs ide surface t w p r -  
atme of t h e  condenser tube,  has given the  most d i f f i c u l t y  with respect 
to dependability and precis ion of measurement on the current test u n i t .  
These surface temperature merasumments are vital t o  the  experimental 
determination ~ l '  the  ins ide  condensing surface coe f f i c i en t  of heat 
transfer. 
In order) to make addi t ional  mom accurate condensing heat transfer 
measurements a new coaldenser tube is Seing constructed. The basic desiga 
of the new t e s t  unit i s  esseritially the same as the one cumntly in use, 
howat*er, c e r t a h  chJ2:ges and improvements have been incorporated. !bst 
4 
. 
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Sqor-tsnt change in coxlstpilctio;; involves doubling the raurnLur of -?5em.o- 
c o ~ p l e s  used ts zeaswe both thc outs%Je s~ii'facc tr 
denser tuhe and 'the Local tcmwratuse of the c o o l h g  water i n  t h e  ani,tXus .( 
Othar changes include a~ enlarged i n l e t  plent.m chamber and lengthened 
ad.iabatic i n l e r  sectSon of the t-&e itself ,  
are attached to the outside w a l l  of the condensing tube with silver 
solder instead of h a d  soldex. 
photogra?hy 
~FQID the contact wave p:*ohe a?priratus now in u e ,  
tr.aveiing imgac"; p ~ b e  will be used along with the so-called Dwso*urd 
Local static px~essum t aps  
For the pm?pose of visual observation and 
a transparent glass seati.on k y i  LL be Lnstahled doms-&eam 
A much smaller diameter 
type p m b e  I?OW i n  w e .  
car.rect.im ~rn~~l;-e~iez-~-tts afmady taken can be calibrated against  total 
vapa. t o  1.Egui.d f l o w  ratio and  used i n  conjunction with a nuch smaller 
em-vanxicmal lmpact probe for most tes ts  , 
It appears that the Dussourd t o t a l  pressure 
This w j . 1 1  cmsiderably reduce 
~ 9 - t  a rllsjor factor ?E c'l'e -totdl: resistance and i n  arty case C ~ A  be
f . .  
’ 4  
4 . 
k5 
The res is tance  of the l i q u i d  h y e r  3! calculated with acceptable acciwacy 
cf t!ie cooLillg f l u i d  on t he  outside w a l l  of the  condenser t&e, is 
usual1.y greater than rhat in the l iquid iaye-r on t h e  condensing side. 
This sxeazs t h a t  the temperature drop i n  the cooling fluid film is -the 
major portion of the s a d i a l  temperature difference betiieeii t h e  two fluicis, 
Any object such as a theraoccuple attached t c r  t he  outside surface is 
bound t o  affect t he  temperature d i s t r ibu t ion  i n  t h i s  outer  film t o  some 
degree as well as the  s u ~ 5 a c s  temperatare &t t he  point of attachnent,  .A 
1r;rther compLita-tion of the  problem Is tho tendency t o  establish a small. 
node OF lump OR the  surface, with whatever rneghod of at?:achment is de- 
vised. 
temperatwe at sane location in t h e  lwq r a t h e r  than the ‘rernperatu’e of 
the undisturbed surface. 
a& 
original surface9 provided of cowse that  t he  thermal conductivity of the  
mter ia l  iz l  the  lump is not significantly less than the  conductivity of 
t h e  tube wzll. 
i;he Fsshrmentation affecting the measuremeat it is intended t o  reaswe 
The s i t u a t i m  sometisms arises tha-t the thermocouple records t h e  
Any lump or node tends t o  act t o  some degree 
m ~ ~ € a t ~  %&th a temperature somewhat lass than t h a t  of t he  
This then is another exanpla of the classic problem of 
The design of t he  themoccuple installation t o  be used in this 
;,ax test u n i T  is interided t o  circuraveat these prablenls cis nearly as 
p a s - i b l e .  The themcacouple jo in t  is to b2 slbrnergecl j u s t  below the 
swfi~ce of the tube wall with the outer tube  surface peeiied over t he  
t.:iermocow$i?le lead wires a i d  smccithed to conform as nearlj- as poss ib le  to 
the 0 ~ i g h . 3 1  awface. The two l e a d  wires then folk t the subme~g& 
~hann~l. ~ j .  PC: ~ ~ ~ i i  -rsnT:ia213, a z h m t  dis-tmce i.ri oppcsi te directioss ZL-OEI 
t h e  -ioint- T k y  the?! .=mrge f m m  the surface aiid follow close tu the 
4 
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tube surface dmxmferentially a quarter of the way around t h e  tube u n t i l  
each w i r e  meets a w i r e  from t h e  diametrically opposite themocouple. 
These two unconnected w i r e s  are then led out of the  annulus i n  an axial 
direction i n  the same Sheath (see Figure 10). 
proper w i r e s  are then recombined a t  The themocouple junction switch. 
The diametrically opposite thermocouples on the outside tube surface art! 
intended t o  facilitate the discovery of a bad thermocouple ins ta l la t ion  
as well as t o  improve overall  accuracy by averaging any circumferential 
temperature variation due t o  circumferential variations in f lu id  flow 
distxdbutioar e i the r  inside OD outside t h e  condenser tube. S o w  experi- 
mental work has been done to determine a bet te r  therm-mechanical means 
of i n s t a U n g  t h e  surface themnocouples so as t o  give t h e  best  results. 
Table 1 summarizes same of the d e t a i l s  considered i n  t h i s  work. The 
problem of locating and securing the therroocauple lead w i r e s  and static 
pmssure lead l ines  in t h e  cooling annulus has  been considered. 
method selected w a s  the instal la t ion of a series of circumferential rings 
8JAghtly smaller i n  diameter than the  I.D. of the outer tube. 
pressure lead l ines  and thermocouple w i r e s  are to. be secured t o  the  
circumferential r ings and held as closely as possible t o  t h e  inside 
Outside the  test uni t ,  the 
The 
The 
surface of the  outer tube. 
With the  new test unit  it is expected that t h e  outer surface tempera- 
ture of t he  condenser tube can be determined with suff ic ient  accuracy. 
This should make possible the determination of the  local inside surface 
coef-fident along the length of the  one-inch I.D. condensing tube. The 
result ing test data will then he compared with s i m i l a r  data recorded 
previously on smaller condenser tubes, both a t  the  University of Con- 
necticut and at the  Lewis Laboratory. 
I .  
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Two-Phase, Annular-Dispersed Flow Model 
(Annular Mist Flow) 
Two-phase, annular-dispersed flow may be defined as a continuous 
gas phase containing l iqu id  par t ic les  (droplets)  surrounded by a l iqu id  
annulus i n  contact w i t h  t he  so l id  boundary of the  duct. Dwing the  current 
phase of the  work, one of the  l i m i t s  of t h i s  model, t h a t  of pure annular 
f l o w  (i*e., no entrained l i q u i d  par t i c l e s  i n  the  gas phase) has been 
ana ly t ica l ly  investigated. 
with the  Duss0zK.d prlobe has def in i te ly  shown the  existence of l iqu id  
Inasmuch as t he  present experimental work 
p a r t i c l e s  in the gaseous core, the extension of the  pure annular flow 
model to an annub-dispexsed flow model is a natura l  s t e p  i n  t h e  ana- 
ti two-phase, single-component, condensing flows, 
As i n  the  case of the cumexat annum nuth.Ipatfcal mode1 the dIlllu1Bl? 
m i s t  model is one dimensional and assumes quasi-thermodynamic equilibrium 
(i.e., equality of temperature, chemical po ten t ia l ,  and pressure, hut not- 
of veloci ty)  between the  contiwous gas phase and l iqu id  annulus. Thus, 
the principle  difference between t h e  two mathematical models w i l l  be t he  
inclusion of the in te rac t ion  between the  l i qu id  p a r t i c l e s  and the gas 
phase. Hem, a similnr.quasi-themodynamic equilibrium is assunred t o  
exist. 
A t  t h i s  point,  a discussion of the  above assumptions seems warranted. 
The assumption of an equality of temperature across any cross  section of 
the tube imp1P.e~ an i n f i n i t e  heat t ransfer  coeff ic ient  betwoen the gas 
phase and the l iqu id  annulus, with which it is  in  coxitact--just as an 
equal intex-facial veloci- would iap.ly an i n f i n i t e  drag coeff ic ient  at t h e  
19 
interface. 
of it would perhaps be a further s tep i n  the improvement of t h e  one- 
dimensional model. 
does not enter expl ic i t ly  i n t o  the gas-liquid annulus interaction, however, 
the equauty of pressure and ternpea?ature would imply th i s .  
l iquid par t ic le  interaction, the equality of chemical potent ia l  could not 
be assumed if nucleation theory is t o  be brought i n t o  the model. 
This assumption may be too res t r ic t ive ,  and t h e  elimination 
The assumption of an equality of chemical potential  
For t h e  gas- 
The a8sumption of an equality of pressure between the gas and l iquid 
For t h e  gas-liquid par t ic les  annulus follows fram experimental evidence. 
t h i s  assumption is quite reasonable if the par t ic le  s izes  are not too 
small, itls seen by inspection of the  Kelvin-Helmholtz equation which states 
t h a t  the difference between the pressure of a spherical  l iquid droplet 
and the  equilibrium vapor pressure at the gas temperature is inversely 
preportiondl to the droplet radius. 
It is believed tha t  as in the case of tho -t model a system of 
ordinary, f h t  order, non-bear simultaneous d i f fe ren t ia l  equations can 
dqcribe the  annular-mist model. 
pendent variables (presswe, vapor mas8 flow rate, l iquid par t ic le  mass 
flaw rate, vapor velocity, l iquid m u l u s  velocity, l iquid par t ic le  
velocity) and the one independent variable--aXial distance along t h e  duct, 
The governhg equations for t h i s  system are the  combined momentum, vapor 
momentum, liquid particle lnamentum and combined energy equations. 
prabbmwhich arises fa the prediction of the  l iquid par t ic le  growth and 
size. 
manner. 
predict  particle concentration and growth along with a cn?itical ileber 
The system m u s t  contain the s i x  de- 
One 
Thb di f f icu l ty  may be attacked i n  e i the r  an analyt ical  or empirical 
A sd-analytfcal approach requires use of nucleation theory t o  
20 
number approach t o  predict  the size of particles which are s h e a r e d  from 
the wavelike l iqu id  annulus-gas interface.  An empirical treatment wou r^,d 
make use of the apparently reproducible data f r o m  the  Dussourd probe t o .  
predict p a r t i c l e  concentration, and a critical Weber number to predict  
particle size. 
Such a system of nan-linear d i f f e r e n t i a l  equations may be programmed 
for solution by a numerical integrat ion process 011 an I.B.M. 7040 
digital computer, as is done with the  current model. To  invest igate  the 
stability of the solut ion,  s eveml  integrat ion schemes of various order 
be used, and to further increase the accuracy, subroutines predicting 
saturated l i qu id  and vapor properties, and slopes of these properties t o  
a high degree of accuracy inay be u t i l i z e d .  
2. C. H. Coogan, Y r . ,  W. E. Nilding e t  a l e ,  "Interim Progress Report 
on Heat Transfer Studies of Vapor Condensing a t  High Veloci t ies  i n  
S t ra ight  Tubes," May 1964. 
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Figure Oscilloscope Photo, Test 62965. 
The 0.4 an delay between Trace A and Trace R 
represents  a time delay of 0.04 sec. The 
velocity of wave is then 
'*O4l6 ft 10.1, fps 
0.04 sec 
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Figure 4 
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